Information from health care encounters across the entire health care spectrum, when consistently collected, analysed and applied can provide a clearer picture of patients ' history as well as current and future needs through a better understanding of their morbidity burden and health care experiences. It can facilitate clinical activity to target limited resources to those patients most in need through risk adjustment mechanisms that consider the morbidity burden of populations, and it can help target quality improvement and cost saving activities in the right places. It can also open the door to a new chapter of evidence-based medicine around multi-morbidity. In summary, it can support a better integrated health system where primary care can provide continuous, coordinated, and comprehensive person-centred care to those who could benefi t most. This paper explores the potential uses of information collected in electronic health records (EHRs) to inform case-mix and predictive modelling, as well as the associated challenges, with a particular focus on their application to primary care.
INTRODUCTION
This article highlights the key points presented by the primary author at the inaugural Barbara Starfi eld Memorial Lecture delivered 29 June 2013 at the 20th World Organization of Family Doctors (WONCA) World Conference in Prague, Czech Republic.
Following a review of the importance of capturing information from electronic health records (EHR), various methods of analysing the EHR data are described. These methods include the measurement of multi-morbidity as well as the application of case-mix and predictive modelling tools. Such tools transform the EHR data into actionable information and several applications of such information are discussed. Successful implementation of a health information technology strategy faces numerous challenges, which are also outlined prior to the conclusion.
THE ROLE OF INFORMATION FROM ELECTRONIC HEALTH RECORDS
Information on the health of patients and populations, delivered in a timely manner, is essential to all those involved in delivering and paying for care. This can be facilitated through improved recording and transfer of information (a structural element), and application of such information in the ongoing care of a patient and decisions regarding allocation of resources (a process element). Practice, 2014; 20: 333-336 Numerous methods exist to analyze data and apply the resulting information of the relative morbidity burden of individuals and populations. Figure 1 provides an overview of the process through which information can improve health care.
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Analysing EHR data
A detailed EHR, at the individual patient and clinician level, can off er a comprehensive historical record. Yet, the analysis of data to produce information can produce further benefi ts to patient and population care. Tools to transform routinely collected EHR data into actionable information can support the clinician ' s decision making process to prioritize and provide better tailored care. They can also provide a better understanding of the need for and use of health care resources, which is of interest to clinicians, payers of care and policymakers (1).
Measuring morbidity, case-mix and risk adjustment.
The terms ' case-mix ' and ' risk adjustment ' are used to describe the process through which the health status (e.g. morbidity burden) of an individual or population is measured and taken into consideration when evaluating care or allocating resources. Classically this has been done by considering the age and sex of patients; however this explains a limited amount of variation in care. For example, it has been shown to explain only 10% of variation in prescribing (2). Being able to assess the morbidity burden based on the analysis of detailed EHRs of individual patients over time and across providers can provide a much more comprehensive picture, and can signifi cantly improve the ability to explain variations in care. Compared to age and sex, morbidity can explain almost six times more variation in general practice referrals and eight times more variation in prescribing (2,3).
Predictive modelling. Predictive modelling is a statistical process that uses regression analysis to identify patterns and predict the likelihood of future events such as hospitalization and risk of being high cost in the future (4,5). A comprehensive measure of morbidity burden when incorporated into predictive models, facilitates the identifi cation of individual high-risk patients for clinical interventions as well as helps estimate health care resource use for entire populations (6,7). Tailored reports can then provide targeted Information to clinical and non-clinical decision makers and clinicians on patients, populations and providers of care.
Potential applications of case-mix and predictive modelling
There are numerous purposes to which the assessment of morbidity burden can be applied. Clinicians may also be unduly infl uenced by the recurrent presentation of some patients who may not be those at highest risk of signifi cant medical complications. Fragmented systems with diminished continuity of care and clinicians with large caseloads and short appointments contribute to this challenge. Therefore, predictive modelling tools can improve traditional screening methods by using information from EHRs to help proactively identify patients at higher risk and support clinical judgment.
Care for these patients, who typically suff er from multiple, chronic conditions, can be tailored to intervene before the patient becomes a high-risk case. Often, it is not the existing high risk individuals who can benefi t most from intervention, but those who are anticipated to be high risk in the future where clinical interventions can mitigate those patients from progressing to becoming high risk. Identifi cation of these patients is facilitated by predictive modelling based on these patients ' previous health care experiences.
Once patient populations have been stratifi ed based on their predicted risk, targeted interventions can be applied based on the patients ' needs (Figure 2 ). For example, information to enable patients to self-manage their conditions can be off ered to those at lowest risk, while health coaching and lifestyle management programmes can be off ered to those at moderate risk. For those at highest risk, case management and individualized care plans can be developed, including active monitoring by a clinician. If patients are already high risk, interventions can aim to reduce the probability of an adverse event such as a preventable hospital admission. Such events are undesirable for patients, are costly for the health system, and are indicators of poor quality of care.
Improving coordination. EHRs can also record how many unique clinicians the patient has seen and where most care was provided. This information can help identify patients who are at risk of lack of continuity and coordination of care. An assessment of referral behaviour begins with the referring clinician. Yet often the clinician is unaware of the frequency or types of referrals they make or whether their referrals are appropriate. To be able to refl ect on their referral and make a fairer comparison with their colleagues, they need to be provided with information regarding the morbidity profi le of their patient load.
The analysis of information from EHRs on clinician prescribing and, where possible, pharmacy dispensing, can also help identify issues around pharmacy use, which may include identifying potential drug interactions, untreated conditions or gaps in treatment.
Research around multi-morbidity. To date most clinical guidance is based on single disease conditions and most pharmaceutical evidence has been based on relatively young patients with limited or no comorbidity. This is no longer reflective of the population that many health systems need to care for. As such, the imperative is to develop evidence based on patients with multi-morbidity (8). Detailed EHRs that can capture the complexity of patients and tools that enable the analysis and ongoing evaluation of these patients will be of increasing importance as populations ' age and multi-morbidity becomes more common.
CHALLENGES
Implementing an information exchange strategy is not easy. Signifi cant challenges can be encountered along the way including structural, fi nancial, knowledge-based and cultural barriers.
Access
First and foremost, clinicians need access to computers and an EHR tool. Who pays for the investment in health technology needs to be aligned with the overall benefi ts, which can include improved equity in the provision of care, improved quality of care and reduced costs. Trends indicate that countries are at various stages of implementing EHRs and although challenges remain around the implementation of health information exchange strategies, overall primary care is progressing in its use of information technology (9,10). In countries where there has been leadership and fi nancial support provided by government, the adoption of information technology in health care has been accelerated (10).
Standardization
Non-standardized data information systems can make the sharing of data between the various stakeholders diffi cult and unreliable. This is where policymakers need to be active and develop a national eHealth strategy with a national data dictionary, in other words, a common language for health records to talk to one another. Advocacy and involvement on the part of clinicians in the design of such a strategy is essential. Such a strategy should also set minimum data collection requirements and standards (11). Ideally, this would cover all sectors relevant to health including primary care, secondary care and social care. In addition to interoperability, attention needs to be given to ensure information silos are avoided. Having patients ' information on a clinic computer, in a hospital system, disease registry, or a payer ' s computer without providing an overall picture is of limited value.
Information governance
There are also important information governance issues including patient confi dentiality and data ownership, which need to be carefully addressed (12). Solutions for handling privacy have been developed with encryption protocols being applied to health care information. Informed consent of patients regarding who has access to their EHR is important. However, opt-in mechanisms require signifi cant investment to inform patients and may result in reduced participation. Implied consent and opt-out mechanisms may capture more participants; however, decisions regarding what information is shared, with whom, and how, need careful consideration. 
